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Summary Several recent studies have indicated a high prevalence of methicillin-
resistant Staphylococcus aureus (MRSA) in retail-available meat. However, few
studies have investigated MRSA in meat in the United States. The aim of this study
was to determine the presence of Staphylococcus aureus (S. aureus) on meat sam-
ples available at retail stores. Samples of fresh raw pork, chicken, beef, and turkey
were purchased from 22 food stores throughout Iowa. S. aureus strains were isolated
from 27 of 165 samples, giving an overall prevalence of 16.4%. Turkey, pork, chicken,
and beef had individual S. aureus prevalence rates of 19.4%, 18.2%, 17.8%, and 6.9%,
respectively. Two isolates of MRSA were isolated from pork, giving an overall preva-
lence of 1.2%. One MRSA isolate was positive for the PVL gene. Common spa types
included t034, t337, t008, and t002. These results suggest that MRSA is present on
low numbers of retail meat in Iowa.
© 2011 King Saud Bin Abdulaziz University for Health Sciences. Published by Elsevier
Ltd. All rights reserved.∗ Corresponding author at: C21-F General Hospital, The Uni-
ersity of Iowa, Iowa City, IA 52242, United States.
el.: +1 319 384 5755; fax: +1 319 384 5004.
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taphylococcus aureus (S. aureus) is a Gram-
ositive, coagulase positive bacterium that is
enerally found in the natural ﬂora of the human
asal passage. Methicillin-resistant Staphylococcus
ureus (MRSA) has recently emerged as a health
oncern and currently causes approximately 94,000
Sciences. Published by Elsevier Ltd. All rights reserved.
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Figure 1 Map of Iowa showing the locations of
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using 10× Biolase buffer, 200M deoxynucleosideretail stores sampled. Samples were collected between
February and April 2009.
invasive infections yearly in the United States of
America, leading to an estimated 18,650 deaths [1].
S. aureus has also come into focus as a foodborne
pathogen with an estimated 241,000 domestically
acquired infections yearly within the United States
[2]. Furthermore, MRSA has been found in sev-
eral species of meat-producing animals, including
pigs [3,4], chickens [5] and cattle [6]. Identiﬁca-
tion of MRSA in these animals, coupled with the
recent emergence of ST398 (non-typable MRSA) in
the swine population and the observed potential
of this strain to cause severe infections and even
death in humans [7], illustrates the importance of
investigating meat products as potential vehicles
for transmission of MRSA from the farm into the
general human population.
Several studies have documented the presence
of MRSA on raw retail meat products, with preva-
lence ranging from <1 percent in Asia [8—10] up to
11.9 percent in The Netherlands [11], with interme-
diate prevalence found in other studies [12—16].
While MRSA has been isolated from retail meat
in Asia, Canada, Europe, and other regions of the
United States, the aim of this study was to estab-
lish the prevalence andmolecular types of S. aureus
on raw retail meat samples collected from a rural
Midwestern state.
Methods
Sample collection
A convenience sample of fresh raw retail meat
was collected between February and April 2009
from 22 grocery stores located across the state of
Iowa (Fig. 1). 165 samples were collected from 12
towns. Samples collected included 55 pork (chops
t
o
cB.M. Hanson et al.
nd ground pork), 45 chicken (breast and drum-
ticks), 29 beef (ground beef and sirloin strips), and
6 turkey samples (drumsticks and ground turkey).
tores were chosen to reﬂect both urban and rural
reas across Iowawith 9 stores from rural areas, and
3 stores from urban areas. Stores sampled included
ndependent stores as well as common chain stores
n the state. Stores were visited only once, and
eat was chosen mainly from national brand prod-
cts, where available. Samples were transported
n blue ice packs to the laboratory, and processed
ithin 6 h of purchase.
acterial culture
amples were collected using sterile swabs through
urface swabbing. The entire external surface of
he sample was rubbed with a cotton-tipped swab
re-moistened with enrichment broth containing
0 g tryptone/L, 75 g NaCl/L, 10 g mannitol/L and
.5 g yeast extract/L. After 24 h incubation at 35 ◦C
n 5mL enrichment broth, 5L of broth was inocu-
ated onto selective MRSA agar plates (BBL CHROM
gar MRSA, Becton, Dickinson and Company, MD)
nd Columbia colistin and nalidixic acid (CNA) plate
Remel, Lenexa, KS). These plates were incubated
4—48 h at 35 ◦C and examined for S. aureus. Iso-
ates were conﬁrmed to be S. aureus by examining
heir appearance on Gram stain, and by doing the
atalase test, slide and tube coagulase tests and the
. aureus latex agglutination assay (Pastorex Staph-
lus, Bio-Rad). Methicillin resistance was assessed
y testing for the presence of penicillin binding pro-
ein 2 (PBP2′) (MRSA latex agglutination test, Oxoid
td., Hants, UK) and the presence of the mecA gene
described below).
olecular testing
enomic DNA was extracted using the Wizard
enomic DNA preparation kit (Promega). pvl Poly-
erase Chain Reaction (PCR) was performed on all
solates and SCCmec typing (which is dependent on
he presence of the mecA gene) was performed on
RSA isolates. Multilocus sequence typing (MLST)
as performed on all MRSA isolates as previ-
usly described [17]. The multiplex SCCmec PCR
as modiﬁed from previously described methods
18,19]. Organisms were grown overnight at 37 ◦C
n blood agar plates. Two or three colonies were
aken from the plate and suspended into 200L
f distilled water. Ampliﬁcation was performedriphosphate; 1.5mM MgCl2; 200 nM concentration
f primers KDP F1/R1, RIF4 F3/R9; 400 nM con-
entrations of primers CIF2 F2/R2, MECI P2/P3,
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Type of meat, and geographic location of stores
were not predictive of S. aureus colonization on
meat (see Table 2).
Molecular typing
Isolates were characterized using spa typing and
the RidomStaphType software. Thirteen different
spa types were found. Of the 27 different iso-
lates, seven (25.9%) were spa type t034, which
has been associated with ST398 (Tables 1 and 2)
[4,24]. Four isolates (14.8%) were t337, previously
associated with ST9, another ‘‘swine-associated’’
type [25,26]. An additional 3 isolates (11.1%) were
t002, and 2 isolates (7.4%) were t008, which are
common human types; another two isolates (7.4%)
were identiﬁed as t526. The remaining singletons
Table 1 Meat type, spa type, and antibiotic
resistance proﬁle for isolated S. aureus. Antibiotic dis-
played signiﬁes resistance to the respective antibiotic.
Isolate Meat type spa type MIC
antibiotic
resistance
proﬁles
B1 Beef t548 P
B2 Beef t714 —
C1 Chicken t008 —
C2 Chicken t444 P,C
C3 Chicken t002 —
C4 Chicken t012 P
C5 Chicken § Ei
C6 Chicken t1684 P
C7 Chicken t002 T
C8 Chicken t1491 —–
P1 Pork t337 P,T
P2 Pork t034 P,O,T,C
P3 Pork t337 P,T,E
P4 Pork t3446 P,T,E,C
P5 Pork t526 P,T
P6 Pork t337 P,T
P7 Pork t742 P,T,E,C
P8 Pork t002 P,T,E,C, Q/Di
P9*** Pork t008 P,O,T,C
P10 Pork t526 P,T
T1 Turkey t337 P,T
T2 Turkey t034 P,T
T3 Turkey t034 P,T
T4 Turkey t034 P,T
T5 Turkey t034 P,T
T6 Turkey t034 P,T
T7 Turkey t034 P,T
P = penicillin; O = oxacillin; T = tetracycline; E = erythro-revalence of Staphylococcus aureus and MRSA on r
IF5 F10/R13; 800 nM concentration of primers DCS
2/R1, MECA P4/P7; 1.25U BiolaseTaq Polymerase;
nd 3L of cells for a ﬁnal volume of 50L. The
CR conditions were 94 ◦C for 10min; 30 cycles of
he following: 94 ◦C for 30 s, 53 ◦C for 30 s, 72 ◦C for
min, and repeat; 72 ◦C for 4min. Ampliﬁcation of
he Staphylococcus protein A (spa) gene was per-
ormed through PCR as previously described [20],
sing primers [21] validated for use with Ridom-
taphType software (Ridom GmbH, Germany). The
resence of pvl was determined by an additional
CR [22]. All molecular procedures utilized known
ositive and negative controls.
ntimicrobial susceptibility testing
ll isolates were tested for antimicrobial suscep-
ibility by the broth dilution method described
y the Clinical and Laboratory Standards Institute
23]. Isolates were tested for susceptibility to
enicillin, oxacillin, tetracycline, erythromycin,
lindamycin, trimethoprim-sulfamethoxazole,
uinupristin/dalfopristin, gentamicin, lev-
ﬂoxacin, moxiﬂoxacin, linezolid, daptomycin,
ancomycin, and rifampin.
tatistical analysis
isher’s exact test was used to assess signiﬁcance
n observed prevalence rates of methicillin suscep-
ible Staphylococcus aureus (MSSA) between meat
ypes. Risk factors assessed were type of meat, and
eographic location of the store (urban vs. rural). A
igniﬁcance level of 0.05 was used during analysis
nd two-sided p-values were assessed. SAS software
ersion 9.2 (SAS Institute Inc., Cary, NC) was used
o perform analyses.
esults
revalence of S. aureus on retail meat
amples and risk factors for colonization
he overall prevalence of S. aureus on the com-
ercially available meat samples in Iowa was found
o be 16.4% (27/165). Of the 27 S. aureus isolates,
wo (7.4%) were found to be methicillin-resistant,
herefore the overall MRSA prevalence was 2/165
1.2%).
S. aureus was most common in turkey (7/36,
9.4%), pork (10/55 samples, 18.2%) and chicken
8/45 samples, 17.8%). A much lower prevalence
as found in beef (2/29 samples, 6.9%). MRSA was
ound only in pork (2/55, 3.6% of pork samples).
mycin; C = clindamycin; Q/D =Quinupristin-Dalfopristin;
— = susceptible; i = intermediately resistant.
*** PVL positive.
§ Non-typeable.
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Table 2 Statistical characteristics of S. aureus on retail available meat in Iowa. Two-sided p-values are presented.
Relative risk p-Value 95% conﬁdence interval
Meat type
Chicken 1.164 0.183 (0.975,1.389)
Turkey 1.156 0.172 (0.957,1.396)
Pork 1.181 0.121 (0.994,1.403)
Beef Ref — —
Location
Urban 0.802 0.670 (0.335,1.915)
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are: t012; t444; t548; t714; t742; t1491; t1684; and
t3446. Both oxacillin resistant isolates were tested
for SCCmec type. The MRSA strains were t008/ST8
and t034/ST398, with the t008 isolate determined
to be SCCmec type IV and the t034 isolate deter-
mined to be SCCmec type V. The t008 MRSA isolate
was additionally found to carry the pvl gene. All
other S. aureus isolates were negative for pvl.
Antibiotic susceptibility testing
Five of 27 isolates (18.5%) were susceptible to
all antibiotics tested. 21 of 27 isolates (77.7%)
were resistant to penicillin; 18/27(66.7%) were
resistant to tetracycline. Six (22.2%) were resis-
tant to clindamycin, 4 (14.8%) were resistant
to erythromycin, and 2 (7.4%) were resistant
to oxacillin. All isolates were susceptible to
trimethoprim-sulfamethoxazole, gentamicin, lev-
oﬂoxacin, moxiﬂoxacin, linezolid, daptomycin,
vancomycin, and rifampin (see Table 1).
Statistical analysis
Statistical analysis using Fischer’s exact test
resulted in no signiﬁcant differences observed.
Type of meat was not signiﬁcant using beef as the
reference strain, with turkey, chicken, and pork
yielding p-values of 0.183, 0.172, and 0.121 respec-
tively. Comparison of geographic location using
rural as a reference was also non-signiﬁcant with
a p-value of 0.670.
Discussion
The prevalence of MRSA in our retail meat samples
(1.2%) was lower than a number of prior studies
[11,12,14]. Several reasons could account for this
difference. We used surface swabbing rather than
destructive methods [11] or external surface rins-
ing [14], and only a single enrichment step with
broth lacking antibiotics (in order to isolate both
s
S
4
T— —
ethicillin susceptible S. aureus (MSSA) and MRSA).
herefore, it is possible we missed isolates which
ay have been ampliﬁed via a double enrichment
tep [11,12]. However, as previously noted [16],
ue to a lack in consensus culture methodologies in
he current literature, attempts to compare preva-
ence rates between different studies is difﬁcult,
nd identiﬁcation of S. aureus on retail available
eat should only indicate that it can be found
requently in different regions around the globe.
ingle enrichment may also act as a better repre-
entation of an individual’s actual exposure to S.
ureus during the handling of raw meat than some
f the more destructive methodologies.
Similar to de Boer et al., we found a high preva-
ence of S. aureus in chicken and turkey, with a
ower prevalence in beef [11]. However, in our study
lmost all isolates were sensitive to methicillin,
nd a lower percentage were ST398-associated spa
ypes than were found in The Netherlands, yet
igher than observed in Canada [15,16]. This sug-
ests that additional studies should examine poultry
amples in addition to pork, even though swine
ave been the primary animal investigated to date
n farms. However, like Pu et al. [14], pork was
he sole source of MRSA in our study. Whether
his reﬂects differences in processing procedures,
iffering levels of MRSA prevalence on-farm, or
ther factors remains to be determined. It is impor-
ant to note that MLST types for MSSA isolates
ere extrapolated from their respective spa types.
trommenger et al. have previously demonstrated
igh concordance between MLST and spa typing
27].
Interestingly, although ST398 has been primar-
ly associated with swine, both this and a previous
tudy [11] found ST398-associated strains in a high
roportion of turkey samples. In addition to t034-
T398, we found a second ‘‘swine-associated’’
train, t337-ST9 [28,29] in our turkey samples.
T398 prevalence in swine has been shown to be
9%, 24.9% and 12.8% in the US [30], Canada [3] and
he Netherlands [31] respectively. ST398 has also
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reviously been identiﬁed in chickens [7] but to our
nowledge, no studies have systematically exam-
ned colonization with S. aureus in live turkeys.
urthermore, ST398 has also been reported in a
linical isolate from a turkey [32] in addition to
amples of turkey meat. This suggests that turkeys,
n addition to pigs, are a possible reservoir for both
he ST398 and ST9 strains in the United States.
ST398 is also commonly associated with tetra-
ycline resistance, which is supported by the
bservation of 100% of t034 isolates displaying
he tetracycline-resistant phenotype. Further-
ore, 100% of t337 isolates were also observed
o be tetracycline-resistant. While little is known
bout the origin of these isolates, tetracycline use
n farms may select for these resistant isolates.
The ﬁnding of t002 and t008 in multiple food
solates is noteworthy. Both of these spa types are
ypically associated with humans, and could poten-
ially have been introduced to the meat during
eat processing or packing, subsequent to slaugh-
er. t008/USA300 isolates have also been found
reviously in meat samples in the US and the
etherlands [12,14]; however, our sample was pvl
ositive, which has only been observed once prior
o this study, by Pu et al.
t002 strains have previously been found in live
nimals [3]. A recent study demonstrated that
umans transmitted ST5 (a type which includes
002) to poultry several decades ago, where it
ubsequently spread and is now endemic [33].
herefore, post-slaughter human contamination of
eat may not necessarily be responsible for the
resence of these strains in food or animals. An
lternative hypothesis suggests that these strains
re endemic in various animal populations and the
solated sample persisted from the farm. Additional
enomic research should assist in determining the
rigin of these isolates.
onclusion
hile the role of retail available meat as a vehicle
or S. aureus and MRSA infections is still undeter-
ined, the presence of potentially virulent strains
f MRSA such as pvl positive t008 indicate that this
ode of transmission needs further evaluation and
annot be discarded.unding
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